
Variability	
  in	
  imaging	
  spectroscopy	
  data	
  
across	
  aspen	
  stands	
  is	
  due	
  to	
  differences	
  in	
  

genotype	
  and	
  foliar	
  biochemistry.	
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Upper	
  Midwest	
  
Sampled	
  and	
  Imaged	
  in	
  2009	
  
�	
  33	
  Stands 	
  �	
  391	
  unique	
  genets	
  
�	
  733	
  Trees 	
  �	
  137	
  mulQ-­‐ramet	
  genets	
  
�	
  19	
  Genets	
  on	
  mulQple	
  AVIRIS	
  pixels	
  (26)	
  

Rocky	
  Mountains	
  
Sampled	
  and	
  Imaged	
  in	
  2010	
  
�	
  39	
  Stands 	
  �	
  132	
  unique	
  genets	
  
�	
  941	
  Trees 	
  �	
  57	
  mulQ-­‐ramet	
  genets	
  
�	
  31	
  Genets	
  on	
  mulQple	
  AVIRIS	
  pixels	
  (41)	
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Foliar	
  Nitrogen	
  
	
  
-­‐photsyntheQc	
  capacity	
  
	
  
Highly	
  variable	
  in	
  aspen:	
  
1.13%-­‐3.72%	
  

Foliar	
  Lignin	
  
	
  
-­‐regulates	
  liquid	
  transport	
  
-­‐recalcitrant	
  (decomposiQon)	
  
	
  
1.47%-­‐22.21%	
  

Condensed	
  Tannins	
  
	
  

-­‐secondary	
  metabolite	
  
-­‐variability	
  not	
  fully	
  understood	
  
	
  

0.20%-­‐30.34%	
  

•  Strongly influence belowground processes 
•  Affect soil microbes (decrease respiration) 
•  Slow decomposition 
•  Reduce N mineralization rates 
•  Chelate metals 
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VariaQons	
  in	
  Foliar	
  Chemistry	
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Mapping	
  Foliar	
  Chemistry	
  with	
  AVIRIS	
  
%	
  Foliar	
  N	
   %	
  Lignin	
   %	
  Condensed	
  

Tannins	
  

R2=.63	
  
RMS=.18	
  

R2=.67	
  
RMS=1.31	
  

R2=.72	
  
RMS=2.84	
  



Fish	
  Lake	
  NaQonal	
  Forest	
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Red	
  =	
  Nitrogen	
  Green	
  =	
  CT’s	
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Northern	
  
Wisconsin	
  
	
  
	
  
	
  
	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  July	
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Spectral	
  variability	
  between	
  genets:	
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Are	
  genets	
  disQnguishable	
  by	
  spectra?	
  

•  Leaf	
  traits	
  correspond	
  with	
  traits	
  related	
  to	
  belowground	
  microbial	
  funcQon	
  (and	
  
therefore	
  spectra)	
  

•  Foliar	
  and	
  soil	
  traits	
  differ	
  among	
  genets,	
  with	
  foliar	
  traits	
  being	
  more	
  separable.	
  	
  
•  Genets	
  can	
  be	
  discriminated	
  on	
  the	
  basis	
  of	
  leaf	
  traits	
  alone,	
  but	
  accuracies	
  are	
  

much	
  higher	
  when	
  using	
  imaging	
  spectroscopy.	
  



Linkage	
  to	
  Soil	
  Microbial	
  Dynamics	
  

•  Biodiversity	
  occurs	
  at	
  all	
  levels	
  of	
  ecological	
  
organizaQon	
  (community,	
  species,	
  geneQc,	
  
funcQonal	
  [chemical],	
  etc.)	
  

•  Belowground	
  processes:	
  

	
  	
  	
  	
  	
  Genotype	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Phenotype	
  	
  	
  	
  	
  Liber	
  Chemistry	
  	
  	
  	
  	
  	
  	
  Nutrient	
  Cycling	
  



Illumina	
  bacterial	
  sequencing	
  
(pyrosequencing	
  vs	
  PLFA)	
  
515f/806R	
  primers	
  	
  

NMS	
  	
  
3	
  axis	
  explain	
  ~	
  95%	
  variaQon	
  
in	
  known	
  bacterial	
  classes	
  

MRPP	
  
T	
  =	
  -­‐3.45	
  
A	
  =	
  0.16	
  
P	
  =	
  0.0016	
  

Linkage	
  to	
  Belowground	
  FuncQon	
  

-­‐next	
  gen	
  sequencing	
  of	
  soil	
  microbes,	
  bacterial/fungal	
  DNA	
  
-­‐construct	
  barcode	
  of	
  barcoded	
  primers	
  
-­‐match	
  sequences	
  against	
  a	
  known	
  library	
  of	
  organisms	
  
-­‐hundreds	
  of	
  species	
  that	
  are	
  unknown	
  (larger	
  w/	
  finer	
  taxon)	
  
-­‐unknown	
  kingdom	
  is	
  very	
  very	
  small	
  (<0.01%),	
  
-­‐the	
  percentage	
  of	
  unknown	
  genus	
  ID's	
  is	
  large	
  (75%)	
  
-­‐we	
  used	
  class	
  (35-­‐40%	
  unknown)	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
•  Soil	
  microbial	
  func<on	
  is	
  related	
  to	
  canopy	
  chemistry	
  
•  Genotypes	
  have	
  dis<nct	
  soil	
  microbial	
  profiles	
  
•  AVIRIS	
  imagery	
  predicts	
  canopy	
  chemistry:	
  lignin	
  and	
  CTs	
  
•  Genotypes	
  are	
  spectrally	
  dis<nct	
  
•  AVIRIS	
  imagery	
  predicts	
  varia<on	
  in	
  belowground	
  soil	
  func<on	
  


